Introduction

!
Recently, definitive chemoradiotherapy has become one of the treatment options for esophageal squamous cell carcinoma (SCC) [1 -3] . Definitive radiotherapy alone has also been one of the treatment options for mucosal esophageal SCC [4, 5] . However, local recurrence after chemoradiotherapy or radiotherapy remains a major problem. Some reports have shown the effectiveness of salvage esophagectomy after definitive chemoradiotherapy as additional treatment [6 -12] . However, salvage esophagectomy is reported to have higher mortality and complication rates than radical esophagectomy with or without neoadjuvant therapy [9, 10, 13] . Endoscopic treatment is a minimally invasive procedure. Recently, endoscopic resection has been considered to be one of the curative options for residual or recurrent esophageal SCC after definitive chemoradiotherapy and radiotherapy when it is localized to the superficial layer. However, little is known about the usefulness, indications, and prognostic factors of endoscopic resection for residual or recurrent tumor after chemoradiotherapy or radiotherapy [14 -18] . The aim of this study was to investigate the effectiveness and prognosis of salvage endoscopic resection with a larger number of patients than previous reports.
Patients and methods
!
Patients
A database of all patients with esophageal SCC at the Aichi Cancer Center Hospital, Aichi, Japan from January 2000 to May 2010 was retrospectively analyzed. A total of 544 patients with esophageal SCC received definitive chemoradiotherapy or radiotherapy.
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Background and study aims: Endoscopic resection is one treatment option for residual or locally recurrent esophageal cancer after definitive chemoradiotherapy or radiotherapy alone. However, little is known about the clinical benefit of salvage endoscopic resection for these lesions. Therefore, the effectiveness and prognostic factors of salvage endoscopic resection were investigated. Patients and methods: A total of 37 patients with esophageal squamous cell carcinoma (SCC) who underwent salvage endoscopic resection after definitive chemoradiotherapy or radiotherapy alone were reviewed. The method of salvage endoscopic resection was endoscopic mucosal resection using a cap (EMR-C), strip biopsy, or endoscopic submucosal dissection. The effectiveness and prognostic factors of salvage endoscopic resection were retrospectively analyzed. Results: A total of 37 patients with 49 lesions underwent salvage endoscopic resection. Baseline clinical stages were I in 23 patients, II in 3 patients, III in 9 patients, and IV in 2 patients. The number of locoregional recurrences and residual lesions were 35 and 14, respectively. The curative en bloc resection rate was 53.1 % (26/49). The total incidence of complications was 18.9 % (7/37); all were successfully managed conservatively. The 3-year and 5-year overall survival rates were 72.9 % and 53.3 %, respectively, with a median follow-up period of 54 months. Baseline clinical T1 -2 and N0 were significant factors for good prognosis in terms of overall survival on univariate analysis. Conclusions: Salvage endoscopic resection, especially EMR-C, is a safe and feasible procedure to control residual or recurrent superficial esophageal SCC after definitive chemoradiotherapy or radiotherapy alone. The present results showed that baseline clinical T1 -2 and N0 before chemoradiotherapy or radiotherapy were significant prognostic factors.
The definitive chemoradiotherapy or radiotherapy consisted of at least 50-Gy irradiation, regardless of concurrent chemotherapy. Most chemotherapeutic regimens comprised two cycles of continuous infusion of 5-fluorouracil and cisplatin or nedaplatin with concurrent radiation (data not shown). A patient with renal dysfunction was treated with low-dose docetaxel. Locoregional recurrence was defined as a cancer relapse at the primary site, and metachronous SCC was defined as a cancer relapse at a site away from the primary site more than 6 months after the initial treatment.
Staging and follow-up
Pretreatment staging of the esophageal cancers was determined using the tumor-node-metastasis (TNM) classification of the International Union Against Cancer, 7th edition (2009). Staging involved endoscopy with iodine staining, esophagography, and contrast-enhanced neck-to-abdomen computed tomography (CT). Lymph node metastasis was defined as more than 10 mm in diameter on CT. Complete response was defined as no tumor at follow-up endoscopy with biopsy and neck-to-abdomen CT 3 to 6 weeks after completion of initial treatment. After the confirmation of complete response, follow-up endoscopy with iodine staining was scheduled every 3 months for the first year, every 4 months for the next year, and every 6 months thereafter. Neckto-abdomen CT was performed to detect lymph node or distant metastases every 3 months for the first year, every 6 months for the next 2 years, and annually thereafter. Complete follow-up information until death or September 2014 was available for all patients. The effectiveness of salvage endoscopic resection was retrospectively analyzed. Written, informed consent was obtained from all patients. This study was approved by the Institutional Review Board at Aichi Cancer Center Hospital (2014-1-095) and was carried out in accordance with the Declaration of Helsinki.
Endoscopic resection
Salvage endoscopic resection was defined as endoscopic resection for a recurrent or residual lesion at the primary site after definitive chemoradiotherapy or radiotherapy. It was based on the methods of endoscopic mucosal resection using a cap (EMR-C), strip biopsy, or endoscopic submucosal dissection (ESD). The indication for salvage endoscopic resection was histologically proven SCC by biopsy, endoscopically diagnosed depth of epithelium to two-thirds layer of the submucosa, and the lesion involving less than two-thirds of the esophageal circumference. Lesions that showed the shape of a submucosal tumor or were ulcerative were excluded. They were diagnosed as invading the muscularis propria or more. White light imaging and iodine staining were performed for diagnosis of locoregional and residual lesions. Endoscopic ultrasound (EUS) had not been performed as a staging modality for these lesions because of diagnostic difficulty. There were no distant and/or lymph node metastases on CT. All endoscopic resection treatments were performed with the patients under intravenous sedation with midazolam (Astellas Pharma Co., Tokyo, Japan) and pethidine (Mitsubishi Tanabe Pharma Co., Osaka, Japan).
Endoscopic mucosal resection (EMR)
EMR was performed by the EMR-C method and the strip biopsy method [19] . For EMR-C, a forward-viewing endoscope (GIF-Q240 or GIF-Q260J; Olympus Medical Systems, Tokyo, Japan) with a plastic cap (MH-594 or MH-595; Olympus) on its tip was introduced. Saline solution was injected into the submucosa beneath the lesion with an injection needle. A crescent-moonshaped snare (SD-221L-25; Olympus) was opened within the plastic cap, and the lesion was aspirated into the cap. The snare was then closed, and a forced coagulation current was applied to resect the lesion (• " Fig. 1 ). For the strip biopsy method, a doublechannel endoscope (GIF-2T240; Olympus) was required. After saline solution injection into the submucosa, a snare and grasping forceps were each inserted through a channel. The forceps were then passed through the opened snare, and the snare was closed lightly around them. An area near the lesion was grasped with the forceps to evaluate the lesion, the snare was opened, the lesion was strangulated, and the tumor was then resected by applying an electrosurgical current. After resection, iodine staining was performed to check for a residual lesion. If a residual lesion was found, additional piecemeal resection or argon plasma coagulation (APC) (ICC-200; Erbe Elektromedizin Ltd, Tübingen, Germany) was performed.
Endoscopic submucosal dissection (ESD)
ESD was started from August 2008 for residual or recurrent esophageal SCC after chemoradiotherapy [20] . The indication for ESD was a lesion more than 10 mm in diameter on endoscopy. ESD was performed using a Flush-Knife ® (DK2618JN20, DK2618JN10; Fujifilm Co., Ltd., Tokyo, Japan) or a ball tip bipolar needle-knife (B-Knife ® ) (BSJB15B, Zeon Medical Co., Ltd., Tokyo, Japan). The choice of the specific modality was decided by the endoscopist who performed the procedure. A forward-viewing endoscope (GIF-Q260J; Olympus) with a transparent attachment (D-201-11804; Olympus) on its tip was introduced.
Histologic evaluation and assessment of therapeutic efficacy
Resected specimens cut into 2-mm-thick slices were examined histologically according to the guidelines for the diagnosis and treatment of esophageal cancer by the Japan Esophageal Society [21] . R0 resection was defined as en bloc resection with tumorfree horizontal margins. R1 resection was defined as a positive resection margin for tumor cells. Curative resection was defined as a tumor that was resected en bloc with a tumor-invasion depth of epithelium to submucosa, with no lymphovascular involvement and tumor-free margins.
Complications
Bleeding related to the procedure was defined as bleeding that required postoperative endoscopic hemostasis, such as endoscopic clipping or thermocoagulation. Perforation was diagnosed as mediastinal connective tissue that was observed during the procedure. A postoperative stricture was defined as a stricture that required endoscopic balloon dilation because of symptoms.
Statistical analysis
Overall survival was calculated from the date of first salvage endoscopic resection to the occurrence of death or to the date of last follow-up. Overall survival included deaths from any cause. For statistical analysis, Mann-Whitney's U test was used. Actual survival was calculated by the Kaplan-Meier method. A Cox proportional hazards regression model was used for univariate analysis of the simultaneous effects of prognostic factors. Therefore, the measure of association in this study was the hazard ratio along with the 95 % confidence interval (95 %CI). In all analyses, a P value < 0.05 was accepted as significant. All statistical analyses were performed using the SPSS statistical software package 11.0 (SPSS Inc., Chicago, Illinois, United States).
Results
!
Patients
Of the 544 patients, 294 achieved a complete response, and 82 of the 294 patients thereafter developed locoregional or metachronous SCC without lymph node or distant metastatic recurrence until March 2011 (• " Fig. 2 ). Of the 82 patients with local recurrence, 52 had locoregional recurrence, and 30 had metachronous SCC. Patients with endoscopically diagnosed superficial type, for which endoscopic resection could be indicated, included 37 with locoregional recurrence. Of these 37 patients, 27 underwent salvage endoscopic resection. On the other hand, 250 of 544 patients did not achieve a complete response, of whom 11 patients remained with a localized residual primary lesion in the shape of the superficial type without metastatic findings (• " Fig. 2) ; 10 of them underwent salvage endoscopic resection. Three patients with local superficial recurrence and one patient with superficial residual tumor underwent APC because of their underlying disease (severe cardiac disease and severe cirrhosis among others). Thirty-seven patients (36 males, one female) underwent salvage endoscopic resection because of locoregional recurrence or residual disease (• " Fig. 2 ). Pretreatment patient characteristics are shown in • " Table 1 . Their median age was 66 years (range 50 -84 years). The middle thoracic area was the most frequent primary site. The number of patients with clinical stages I, II, III, and IV was 23, 3, 9, and 2, respectively. The details of chemoradiotherapy and radiotherapy are shown in • " Table 2 . Twentyeight patients were post-chemoradiotherapy, while nine were post-radiotherapy alone. All patients who underwent radiotherapy alone were clinical T1. Complete response was achieved in 71 % (20/28) in the chemoradiotherapy group and 77 % (7/9) in the radiotherapy group. The median time from the first day of radiation therapy to confirming local relapse by endoscopy for these 27 patients who achieved a complete response was 11.3 months (range 4.4 -74.9 months).
Lesions
The lesions' characteristics for salvage endoscopic resection are summarized in • " Table 3 . Six patients were found to have two lesions, and two patients were found to have four lesions concurrently. Thus, 37 patients with 49 lesions underwent salvage endoscopic resection. The lower thoracic area was the most frequent region. The majority of lesions were 0-IIc type and mucosal depth on endoscopy, with 35 locoregional recurrences and 14 residual lesions.
Results of endoscopic resection
The endoscopic resection results are shown in• " Table 4 . Among the 49 lesions, the EMR-C method was performed for 44 cases, the strip biopsy method was performed for two, and the remaining three cases underwent ESD. The selection depended on the skill of the investigator and the period. Before February 2008, all salvage endoscopic resection procedures were performed by the EMR method. After that, the ESD method was used for large lesions. Forty lesions (81.6 %) were histologically confirmed to be mucosal lesions, seven lesions (14.3 %) showed submucosal invasion, and two lesions were unknown due to the burning effect. Fig. 1 Salvage endoscopic mucosal resection using a cap (EMR-C) for locoregional recurrence after chemoradiotherapy. a Endoscopy after iodine staining shows a circumferential, slightly depressed lesion in the lower thoracic esophagus. b Complete response is achieved after chemoradiotherapy. c Twenty-four months after chemoradiotherapy, locoregional recurrence occurs on the same site. d The lesion aspirated into the cap is strangulated by a snare. e The lesion is resected. f Iodaine staining is performed to check for a residual lesion.
Curative resection was obtained for 26 lesions (53.1 %). The curative resection rate with ESD was 100 % (3/3).
Complications of endoscopic resection
The overall complication rate was 18.9 % (7/37). Four patients developed postoperative strictures, all of whom were successfully treated by endoscopic balloon dilation. One case of postoperative bleeding occurred and was successfully treated by endoscopic coagulation therapy. One perforation with mediastinal emphysema occurred. The patient recovered well, with no oral ingestion for 5 days and antibiotic administration for 7 days. One case of aspiration pneumonia occurred and was successfully treated by intravenous administration of antibiotics. After EMR-C/strip biopsy/ESD, postoperative bleeding occurred in 1/0/0, perforation occurred in 1/0/0, aspiration pneumonia occurred in 0/0/1, and postoperative stricture occurred in 3/0/1, respectively. There were no treatment-related deaths with salvage endoscopic resection.
Follow-up data and survival
The median follow-up period of all 37 patients was 54 months (range, 3.2 -116.1 months). All patients were followed-up for at least 3 years or until death. The clinical course of all lesions after salvage endoscopic resection is summarized in • " Fig. 3 . During the follow-up period, 15 patients had no recurrence. However, eight of them died of other diseases; five of the eight died of head and neck cancer. Local recurrence was observed in 14 patients after salvage endoscopic resection, of whom 11 patients were successfully treated by additional endoscopic resection. Two patients underwent esophagectomy as an additional treatment. Lymph node and/or distant metastatic recurrences were found in eight patients after salvage endoscopic resection. The prognosis after metastatic recurrence was dismal. Most patients died within 1 year. During the followup period, 16 patients were alive, all of whom were disease-free, and 21 patients died; 11 patients died from progression of esophageal cancer, and the others died from head and neck cancer, liver cirrhosis, and other causes. The 3-year and 5-year overall survival rates were 72.9 % and 53.3 %, respectively (• " Fig. 4 ). Univariate analysis was performed to identify independent predictors of overall survival for all patients. On both analyses, baseline clinical stage T1 -2 and N0 were significant factors for a good prognosis compared with T3 -4 and N1 -3 (• " Table 5 ). Recurrent or residual tumor, tumor location, and curative resection or not with salvage endoscopic resection were also not significant in terms of overall survival.
Discussion
!
In the present study, two important things about endoscopic resection were demonstrated in esophageal SCC after definitive chemoradiotherapy or radiotherapy alone. First, salvage endoscopic resection, especially EMR-C, was a safe and minimally invasive procedure to control locally recurrent or residual lesions and to preserve the esophagus itself. Second, baseline clinical stages T1 -2 and N0 were significantly associated with a good prognosis. First, salvage endoscopic resection, especially EMR-C, was safe and helpful to control local recurrent or residual lesions. The overall complication rate was 18.9 % (7/37), which not low, but four of the seven cases were stenoses. The occurrence of complications might be influenced not only by endoscopic resection, but also by initial radiotherapy or chemoradiotherapy. The adverse event rate of salvage EMR was almost equivalent to that of ordinary EMR (mainly using EMR-C) without chemoradiotherapy or radiotherapy [22] . Postoperative stricture, postoperative bleeding, and perforation occurred in 8.8 % (3/34), 2.9 % (1/34), and 2.9 % (1/34) of cases in this salvage EMR group excluding three ESD patients and 7.8 % (14/179), 1.7 % (3/179), and 1.1 % (2/179) of cases in the ordinary EMR group, respectively. The safety, overall survival, and cause-specific survival of this study could be regarded as acceptable. Second, the present study also showed that baseline clinical stage T1 -2 and N0 were significantly associated with a good prognosis on univariate analysis. During the follow-up period, 16 patients were alive (• " Fig. 3 ). The survival rates for T1 -2 and T3 -4 were 55.2 % (16/29) and 0 % (0/8), respectively. The survival rates for N0 and N1 -3 were 100 % (16/16) and 0 % (0/21), respectively. From this result, initial T1 -2 and N0 appear to be a good indication for salvage endoscopic resection. There has been a report that the prognosis of baseline clinical stage T1 -2 was better than that of T3 -4 before salvage photodynamic therapy [23] . However, no report has analyzed the prognostic factors of salvage endoscopic resection. To the best of our knowledge, this is the first study to report them. On the other hand, salvage endoscopic resection for baseline clinical T3 -4 patients was completed mainly using EMR-C. The curative resection rate for these lesions was 37.5 % (3/8). Aspirating the lesion into the cap might be effective for these fibrotic lesions. All T3 -4 patients died after salvage endoscopic resection during the follow-up period. However, the median survival rate was 24.7 months (range, 3.2 -69.3 months). Furthermore, 37.5 % (3/8) of T3 -4 patients survived more than 3 years after salvage endoscopic resection. These results show that salvage endoscopic resection might not be appropriate for T3 -4 patients, although it seems meaningful for these patients. The present results indicated that whether curative resection was achieved with salvage endoscopic resection was not related to overall survival. After salvage endoscopic resection, there were 14 cases of local re-recurrence, and 11 of these 14 patients underwent additional salvage endoscopic resection; of the three other patients, two of them underwent esophagectomy when diagnosed as clinical T2, and the other one was given best supportive care because of underlying renal disease. Six of 11 lesions were locoregional recurrent or residual lesions after salvage endoscopic resection. Pathological findings at re-salvage endoscopic resection indicated that one was a curative resection, but five were not. Although it may be difficult to completely resect locally recurrent or residual lesions by endoscopic resection, performing additional salvage endoscopic resection might improve these patients' overall survival. Furthermore, most of these patients' conditions were not perfect because of disease progression and adverse events of chemoradiotherapy. For this reason, Upper thoracic 3
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Upper thoracic + lower thoracic Original article E845 THIEME salvage endoscopic resection and additional salvage endoscopic resection seem to make a great deal of sense to decrease tumor volume, maintain good condition, preserve the esophagus, and improve the outcome. We might consider it as palliative treatment. The present study showed that salvage endoscopic resection was a safe procedure compared with some reports of salvage surgery [6 -12] . However, we should pay attention to the indications for salvage endoscopic resection. It is important to know that salvage endoscopic resection is not indicated for all locoregional or residual lesions. It is known that not all recurrent and residual lesions originate from the mucosa. In some cases, cancer cells are left in the deep layer of the esophageal wall after radiotherapy. Especially when the baseline clinical stage is T2 or more, recurrent or residual lesions might exist mainly in the submucosal or deeper layer. It has been reported that these lesions showed the shape of a submucosal tumor in many cases [24] . Furthermore, most esophageal intramural metastases are also submucosal in shape. Therefore, in cases of lesions like a submucosal tumor, we have to consider photodynamic therapy or surgery as a salvage treatment procedure. Salvage photodynamic therapy has the possibility to cure deeper lesions than salvage endoscopic resection, and it is less invasive than salvage surgery [23, 25, 26] . However, it has the drawbacks of high rates of severe stenosis, perforation, and phototoxicity, and pathological evaluation is not possible. Salvage surgery can also cure deeper lesions than salvage endoscopic resection and with pathological evaluation, especially in cases of R0 resection (no residual tumor) [6 -12] . However, it has the drawbacks of high adverse events, mortality, and morbidity rates. We believe that choosing the appropriate salvage treatment leads to a good prognosis for these patients.
In surveillance of patients after chemoradiotherapy, we also have to pay attention to changes of the esophagus. The layer structures of the esophageal wall are destroyed after chemoradiotherapy. Lymph node or distant metastasis with or without local recurrence (N = 8) Fig. 3 Clinical course of patients after salvage endoscopic resection (n = 37). Primary, died of primary esophageal cancer; others, died of other disease. CRT, chemoradiotherapy; ER, endoscopic resection; CTx, chemotherapy; BSC, best supportive care. Unknown (burned) 2 EMR-C, endoscopic mucosal resection using a cap; ESD, endoscopic submucosal dissection; R0, tumor-free margins with en bloc resection; R1, tumor-positive margins with en bloc resection; EP, epithelium; LPM, lamina propria mucosae; MM, muscularis mucosae; SM, submucosal layer.
For this reason, endoscopic ultrasound may not be useful to evaluate tumor depth [27 -29] . There may also be difficulty with narrow-band imaging in evaluating lesions for radiation-induced mucosal damage. We think that it is necessary to evaluate them comprehensively with both endoscopic and CT findings. Close surveillance is also important to detect residual or recurrent lesions in the early stage. The present study has several limitations. First, this study was retrospective, from a single institution, and the sample size was small. Additionally, there were some biases. One possible bias was the unequal population at the baseline clinical stage. Another possible bias was diagnosis of regional lymph node metastases. Previous reports noted that EUS is more sensitive for the detection of regional lymph node metastases of esophageal cancer than CT [30] . By the addition of EUS, the diagnostic power for staging before chemoradiotherapy or radiotherapy will increase. It can also be useful for restaging to exclude synchronous lymph node metastases when we consider salvage endoscopic resection for residual or recurrent lesions. Recently, the usefulness of positron emission tomography combined with CT (PET/CT) for evaluating lymph node metastases of esophageal cancer has been reported. These reports showed that PET/CT has a significantly higher positive predictive value than CT alone [31, 32] . Karashima et al. noted that specificity is also higher than CT alone [31] . These results indicate that both EUS and PET/CT should be performed to evaluate lymph node metastases for staging before chemoradiotherapy or radiotherapy and for determining whether salvage endoscopic resection is indicated. Another possible bias was that the salvage endoscopic resection method was affected by the timing of treatment. For the endoscopic treatment of esophageal cancers in our hospital, EMR-C was mainly performed in an earlier period, whereas ESD was started for large lesions from 2008.
Yamashita et al. reported that, for lesions 11 mm in diameter or larger, ESD was superior to EMR-C in efficacy, as assessed by achieving en bloc resection with tumor-free margins [33] . The European Society of Gastrointestinal Endoscopy Guideline also recommends EMR for lesions smaller than 10 mm [34] . The present results also showed that all three cases of salvage ESD were en bloc resections. All of them achieved curative resection histologically, which was superior to EMR (50 %, 23/46). Three reports showed the outcomes of salvage ESD [16 -18] . The en bloc resection rate and the curative resection rate were 91.6 -100 % and 25 -68.4 %, respectively. All reports showed that perforation and treatmentrelated death did not occur. These results indicate that ESD will be the main procedure for salvage endoscopic resection for EMR in the future. Therefore, when the procedure was performed should have a minimal impact on the results. In addition, data on effectiveness, safety, and long-term outcome for salvage ESD are still lacking in this study. However, it is difficult to plan a study of additional treatments for this patient group. This population is expected to be small. For this reason, the present outcome is clinically quite important to improve the prognosis of these patients.
In conclusion, the results of this study show that salvage endoscopic resection, especially EMR-C, is a safe and effective treatment to control recurrent or residual superficial esophageal SCC after definitive chemoradiotherapy or radiotherapy alone. Salvage endoscopic resection may also provide a survival benefit for certain patients, especially those with baseline clinical stage T1 -2 and N0.
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